A new hypothesis is presented within the framework of evolutionary psychology that attempts to explain the origins of obsessivecompulsive disorder. It is suggested that obsessions and compulsions originate from the overactivity of a mental module that the majority of humans possess and has the function of generating risk scenarios without voluntary intervention. It is hypothesised that obsessional phenomena function as an off-line risk avoidance process, designed to lead to risk avoidance behaviour at a future time, thus distinguishing it from anxiety and related phenomena as on-line emotional states, designed to lead to the avoidance of immediate and direct risks. Finally, the hypothesis makes a number of specific predictions that are testable and refutable. It is contended that the present hypothesis if supported by empirical evidence could serve as a basis for future research on this important disorder.
Introduction
Evolutionary theory recognises causation at ultimate and proximate levels. Ultimate causation refers to the supposed function of an adaptation or organ within the ancestral environment while proximate causes refer to all the possible physical factors that directly produce the given trait (e.g., biochemical, genetic, etc.). The present hypothesis attempts to give an account of the ultimate causation of obsessivecompulsive disorder (OCD). It is based upon the Darwinian view that biological systems, including psychological functions, have evolved through natural selection because of their contribution to inclusive fitness [23] . The following hypothesis attempts to give an account of the normal (adaptive) functioning of the neu-robiological system responsible for obsessional phenomena, an area that has hitherto received scant attention in the psychiatric and psychological literature.
Darwinian theorists have suggested that some idiopathic psychiatric symptoms and syndromes may represent misplaced adaptive strategies or accentuated versions of original strategies which can be caused by a number of proximate factors (see [1, 8, 31, 32, 33, 35, 50] ). It is the contention of this hypothesis that OCD is an accentuated version of an adaptive strategy that enhanced the reproductive fitness of those humans who possessed this trait over those who did not within their ancestral environment. The fact that the experience of unwanted intrusive thoughts and compulsive rituals are universal phenomena across cultures is consistent with this view [36, 44] . Furthermore, the relatively high lifetime prevalence of OCD of around 2.5% and one-year prevalence of 1.6% [26] would argue against the condition being caused by a harmful genetic mutation but is consistent with it representing the severe end of a potentially adaptive trait [53] , instead.
Neurobiological systems have evolved to generate adaptive psychological or behavioural strategies and not to produce psychopathological states [22] . It should therefore follow that dysfunction (or apparently disordered functioning) cannot be clearly conceptualised until the proper function of a biological system is correctly identified (see [5, 8] ).
It has often been the case that pathological changes within the nervous system reveal psychological functions that had hitherto remained unknown [6] . Examples of pathological states that have produced insights into the functioning of certain neurobiological brain systems are many and include dysphasia, dyspraxia and the frontal lobe syndrome, to name but a few.
The present formulation assumes a modular configuration for the human mind/brain [11, 15, 20, 38, 48] . Modularity suggests that the human mind consists of a number of domain-specific, highly tuned, systems that have evolved to carry out circumscribed tasks.
Such tasks would have been selected because of their contribution to inclusive fitness.
This contrasts with the alternative view that is prevalent within the social sciences of the human brain as a domain-free general-purpose problem solving device. The current hypothesis also concurs with the suggested modular configuration of the brain system concerned with obsessional phenomena proposed by [44] .
Hypothesis
It is contended that obsessional phenomena are archaic, involuntary, repetitive thought processes that stimulate strong aversive emotional states (e.g., fear, disgust) and lead to risk avoidance behaviour. It is hypothesised that the neurobiological system that generates these phenomena has the function of generating risk scenarios without conscious intervention and may thus function as an 'Involuntary Risk Scenario Generating System' (IRSGS). Compulsive rituals, the other component of OCD, are conceptualised as primitive harm avoidance behavioural routines that are under semi-voluntary control [6] . It is suggested that the IRSGS operates primarily as a self-generated conditioning system whereby the individual can develop harm avoidance behavioural strategies without experiencing the risks involved in real-life dangers.
The adaptive function of this system is that it saves the individual organism from having to experience physical and social dangers in vivo, but instead produces the same learning response in total physical safety. Therefore, the ability of some organisms to learn to avoid common dangers without the need to experience them in real life would have conferred a clear advantage on the individuals who possessed this trait over those who did not. This would have ensured the spreading of the obsessional traits within the population but, as with most traits, extreme variants may prove harmful and can reduce reproductive fitness.
The obsessional process may be akin to the generation of antibodies by the immune system. Whether or not an antibody increases in concentration will depend upon the subsequent feedback. While antibodies have the function of protecting the body from invisible dangers within the body, obsessional thoughts are designed to protect the individual primarily from external dangers within the environment. It is suggested that both operate through a selectionist process -that is, the better fit antibody or thought survives. Some authors have suggested that a similar process, involving the selection of random and spontaneously generated thoughts, lies at the heart of all human thinking [4, 21, 40, 41] .
Bickerton [3] has proposed that there are two fundamental modes of thinking: on and off-line. On-line thinking is common to many complex organisms and involves mental activity designed to solve a problem directly faced by an individual. Off-line thinking involves mental activity aimed at solving problems that the organism may face at some time in the future. Bickerton contends that off-line thinking is language-based and, therefore, unique to the human species. Within this framework, obsessional thinking could be considered as a primitive variant of off-line thinking, albeit of a non-voluntary type. Although the idea that human thought is language based is not universally accepted [38] , there may be grounds to suggest that obsessional phenomena could have been the evolutionary precursor to voluntary conscious thinking. This would raise the interesting question as to whether obsessions, as conceptualised in this paper, exist in other species. The main obstacle in studying such a system in nonhumans is, of course, the inaccessibility of their subjective states and, at least at present, the question can only be investigated indirectly through determining if something akin to obsessions could be implicated in learning in other species.
Most current animal models of OCD are based on the study of maladaptive, repetitive behaviours (e.g., [17] ). Such behaviour is thought to represent built-in survival actions encoded in the basal ganglia and arising due to dysfunction in these brain centres. Similarly, compulsions and tics in humans have been considered as fragments of once purposeful activities that arise inappropriately due to dysfunction within the cortico-striatal system [10] . While of great interest the scope of these models does not extend to the phenomena of obsessional thoughts. Nevertheless, the suggestion of an innate, cross-species neurobiological system, charged with the generation of vital (primarily harm avoidance) survival behaviours, is obviously consistent with the current hypothesis.
Ratey and Johnson [45] make an important distinction between social and non-social 'scanners' among OCD patients. They contend that OCD patients tend to persistently scan their environment for sources of risk and that it is possible to separate those who tend search their environment for social dangers from those who anticipate physical risks (e.g., contamination). Marks and Nesse [32] have similarly drawn attention to a number of physical and social risk-prevention strate-gies commonly involved in obsessional phenomena. Hence, given that human reasoning about the social domain is claimed to involve distinct modular brain processing [2, 15, 34] , the IRSGS may process risk scenarios concerning physical and social situations separately. In other words, it is suggested here that the obsessional phenomenon is a self-generated conditioning process, directed at two distinct and separate domains namely the physical and the social environments.
The present formulation assumes that obsessions and compulsions arise from a psychological adaptation that the majority of humans possess. This is consistent with reports that a majority of the population experience unwanted, intrusive thoughts at some time during their lives [36, 42] as well as the finding that OCD appears to have a universal form across cultures [44, 49] .
The subject of obsessive-compulsive features as part of normal child development has received some attention recently [51] . For example, ritualised behaviour is quite common in children at around 30 months of age, appears to decline at the age of three and tends to disappear at around four when the child becomes thoroughly familiar with his or her surroundings. Furthermore, it has been suggested that the difference between normal children and the minority who later develop OCD may lie in the degree to which the latter were controlled and disabled by their thoughts rather than any other specific clinical or developmental features [27] .
Further investigation will be required to discover the details of the natural development of obsessional phenomena e.g., whether or not those pertaining to the physical and social domains have distinct developmental histories. Furthermore, it could be predicted that gender differences would exist, both in the developmental history of obsessions as well as periods of maximum risk of onset, as males and females would have faced distinct environmental and social risks during evolutionary history.
It has already been suggested that the neurobiological system responsible for generating obsessional thoughts is the mental or psychological analogue to the immune system. Rather than being responsible for the production of protective proteins (antibodies) that neutralise physical danger from potential invaders, the IRSGS would be charged with the production of risk scenario packages that use elements of the physical and social environment to predict certain dangers. The accompanying negative emotions of anxiety, disgust or fear should result in avoidance behaviour and a process of learning in imagery which usually leads to the individual becoming 'immunised.' At this point the random danger scenarios should cease or simply become dormant. Thus if the present hypothesis is correct, OCD would be analogous to a mental auto-immune disease, i.e., a protective response that goes beyond the point of usefulness and becomes selfdestructive.
From a Darwinian point of view, both physical and social risks can be conceptualised as risks to self and/or close kin according to Hamilton's principle of inclusive fitness [23] . Therefore, obsessional thoughts will have content that relates to dangers or risks to self or kin (or kin substitutes) in either of these two domains, namely the social and the physical. The nature and variety of risks would be selected from the array of stimuli that exists within the individual's environment. However, the process through which such dangers or risks are identified remains at present unknown. We are equally ignorant as to how a particular ritual or compulsive activity is selected from the array of possible alternatives. If obsessive-compulsive phenomena relate to risk scenarios to self and close kin, it should be possible to predict an increase in the frequency and intensity of risk scenarios and harm avoidance rituals at biologically critical times, e.g., following childbirth or around puberty. Current evidence supports the claim that pregnancy and childbirth are associated with significantly increased risk of OCD for women [9] .
The phenomenological similarities between OCD and post-traumatic stress disorder (PTSD) have been noted by a number of authors (e.g., [28] ). According to the proposed hypothesis, the frequency of obsessional thoughts would be expected to increase following traumatic or threatening situations, whether involving physical danger or distressing social situations. Such events should therefore activate the IRSGS by presenting the subject with a range of novel risk situations and provide a potential explanation for at least some of the clinical features of PTSD e.g., recurrent intrusive thoughts and images as well as recurrent dreams. Therefore, from an evolutionary perspective PTSD, could be considered as a pathological accentuation of an adaptive response that previously led to the modification of an individual's behaviour and future risk reduction (i.e., learning). In addition to thoughts and images during the waking state, the IRSGS may also utilise dreams as a mechanism for risk avoidance, thus accounting for the increased frequency of vivid dreams and nightmares characteristic of PTSD. How-ever, it is clear that these two disorders, i.e., OCD and PTSD, also differ in some important respects. For example the absence of compulsive rituals in PTSD cannot be explained within the present hypothesis.
It 
Predictions
A number of potentially testable and refutable predictions can be made, based upon the present hypothesis. These are:
1. Individuals with antisocial personality disorder (APD), especially those diagnosed as psychopathic according to the criteria of Cleckley [12, 24, 30] , will show a lower frequency of social content obsessional thoughts than the general population. The suggestion that individuals suffering from OCD or APD lie on opposite ends of the risk seeking and harm avoidant scale is consistent with this prediction [25] . 2. Individuals who habitually engage in dangerous activities, including certain sports, should experience a lower incidence of obsessional phenomena directed at non social environmental dangers. 3. Obsessional patients should be more socially conforming than the average person and less prone to risk taking. There are a number of reports that suggest that this is the case [36] . It would be of interest to determine whether OCD patients divide into social conformists as opposed to low physical risk takers. 4. A clinical picture analogous to PTSD may result from a state of social trauma (e.g., failure, humiliation, disgrace). 5. The frequency of unwanted intrusive thoughts should be positively correlated with the score on the dimension of 'harm avoidance' of the seven factor personality system [14] . This prediction is consistent with the suggestion that OCD patients score highly on this dimension [13] . 6. There should be an increased risk of OCD at different, biologically critical, life stages, e.g., during pregnancy and following childbirth, when a range of novel risks will become relevant to the subject. Similarly, an increased risk of OCD may be expected following bereavement, as normal grief is associated with an increase in the frequency of recurrent intrusive images and thoughts which may represent increased activity of the IRSGS.
Discussion
The present hypothesis is compatible with a range of other proposals and theories dealing with the proximate level of causation, i.e., genetic, neurochemical and environmental factors, in OCD. Psychological theories that emphasise an acquired environmental causation (e.g., [47] ) as well as findings pointing to a biological aetiology of OCD [46] are both consistent with the present Darwinian formulation. Whereas the present hypothesis describes the adaptive function of a putative neurobiological system, addressing the question of 'why' it exists, it is compatible with theories that explain 'how' it works.
Hence, the present hypothesis presents a novel formulation to explain the ultimate causation of OCD, thus attempting to integrate this condition into the now well-established field of evolutionary psychology and psychiatry. An important feature of the current hypothesis is the proposal of a putative mental module (IRSGS) that is charged with the generation of risk scenarios without voluntary intervention which, in turn, give rise to a range of risk prevention behaviours described as compulsions. This proposal uniquely contends that overactivity of the IRSGS will lead, in certain circumstances, to OCD or PTSD while underactivity of this module may be associated with APD or other manifestations of persistent high risk-taking behaviour. Furthermore, the current hypothesis clearly proposes that obsessional phenomena are examples of a mental adaptation that has evolved through a process of selection and that OCD is, therefore, the result of the malfunctioning or dysregulation of this system. Thus, conceptualising obsessions as risk scenarios and compulsions as risk prevention routines will help to clarify the clinical observation that while obsessions increase anxiety, compulsive rituals reduce anxiety (at least temporarily) [43] .
Epidemiological surveys of OCD have found a small preponderance of female subjects [52] . As females would be expected to engage less frequently than males in risk taking behaviour [7, 16] such a finding would be consistent with the present hypothesis. Also there is evidence that gender differences vary according to the age of onset of OCD with males showing a higher prevalence prepubertally and females more commonly affected post-pubertally [37] . It is possible that the increased risks that females were exposed to following puberty within the ancestral environment could have led to the increased activity of the IRSGS leading to the greater incidence of OCD.
At present, however, it has to be acknowledged that there is a range of data that may be difficult to reconcile with certain aspects of the present hypothesis.
One such area is that of the co-existence of impulsivity and compulsivity that has been suggested by some authors (see [29] ). If obsessional phenomena are part of a harm reduction system then the occurrence of impulsive (risk taking) behaviour would be difficult to reconcile with the present formulation. It would, however, be of interest to determine whether impulsivity and compulsivity show a greater probability of co-existing if they belong to different domains (i.e., the social as opposed to the physical domain).
Comparisons are frequently drawn between the symptoms of OCD and certain religious practices and it has been suggested that both may stem from the human propensity to produce socially meaningful rituals [18, 19] . However, the present hypothesis would argue for a wider and more generically adaptive role for these phenomena which is not solely restricted to the maintenance of social cohesiveness alone.
As already indicated, the present hypothesis leaves a number of questions unanswered. For example, what is the relationship between the generation of risk scenarios and habituation? Is there a feedback mechanism? Does OCD arise when habituation fails or when the feedback mechanism fails, or perhaps both? Or does it simply arise through an intrinsic dysfunction of the IRSGS? Alternatively, as a clinical syndrome with a number of aetiologies, it may turn out to be the case that OCD represents a final common pathway, resulting from breakdowns in different systems or at different levels in one system.
The proposed model does not predict or specify the proximate neural or neurochemical systems that are instrumental in causing the overactivity of the putative IRSGS manifesting clinically as OCD. However, this formulation presents a plausible, albeit preliminary, account of the possible function of the underlying neurobiological system responsible for generating pathological obsessions. Science does not only advance through slicing, homogenising and measuring but also through the highly important and somewhat neglected activity of constructing conceptual models that generate testable hypotheses. Hence, if this proposal is supported by empirical evidence it may serve as a framework for generating further hypotheses and formulating questions that can guide future research into this disorder.
